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ABSTRACT 
Surface electrochemically plated with nickel and highly inert particles provides useful 
applications: Ni–CeO2 as chemical catalysts, high hardness Ni–CBN (cubic boron nitride) as 
grinding tools, among others. The plating’s inert particles – 100 μm in size – on nickel surface 
need to be tightly adherent and evenly dispersed; it is therefore necessary to determine and 
control the coating layer’s thickness corresponding to the inert particles’ size by parameters like 
electrical current density and time. With 40–60 nm CeO2 particle size, Ni plating thickness is 12 
μm. With 60–100 μm CBN particles, Ni plating thickness is up to 60 μm. Weight and plating 
thickness were determined by the weight method and Faraday's law. The difference between the 
two methods showed the presence of inert functional particles on composite coating. EDX 
method and SEM image also showed the alignment as well as the distribution of particles on the 
coating surface. Catalytic ability of Ni–CeO2 coating and abrasive properties of Ni–CBN coating 
were tested by special methods, proving composite plating method useful as catalyst sand 
grinding metal surface. 
Keywords: Ni–composite coating, Ni–CeO2, Ni–CBN, catalytic surface, grinding properties. 
1.INTRODUCTION 
Ni composite coatings with non–conductive particles such as SiO2 [1], TiO2 [2, 3], Al2O3 
[4], CeO2 [5], SiC [6, 7], or CBN [8] give coatings special properties, such as thermal stability, 
corrosion resistance, hydrophobicity, chemical catalysis or hardness. The properties of 
composite coating are derived from not only the coating, but also the presence of particles on the 
surface coating; for example: Ni–CeO2–CuO catalytic materials for exhaust gas purification of 
cars and motorcycles [5], or Ni–CBN for grinding tools [8]. The co–deposition of nickel and 
inert nanoparticles is simple; however, in the case of microparticles, the weight of the inert 
particles complicates the process [9, 10]. On the other hand, it is a challenge for the inert 
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particles to be exposed on the surface with uniform distribution. The paper presents the results of 
the process of determining and controlling the thickness of the coating catalyst function Ni–
CeO2 and coating grinding function Ni–CBN with particle size from 60 nm to 100 μm. 
2. MATERIALS AND METHODS 
2.1. Materials 
Inert particles selected for the study are CBN of Changsha 3 better Ultra–Hard Materials 
Co., Ltd, China (http://www.3bdiamond.com),  size 96 ÷ 100 μm; CeO2 40 ÷ 60  nm of Richest 
Group Ltd. Shanghai, China and CuO size 40 nm, 99.9 % purity of Global Nano, Shanghai, 
China (http://www.nanoinglobal.com). Ni–composite plating process was carried out with Watts 
plating solution with composition: NiSO4: 300 g/L, NiCl2: 60 g/L, H3BO3: 30 g/L, pH = 4 ÷ 4.5.  
Nickel anode was used to replenish balance Watts solution with the amount of Ni ions 
deposition on the cathode. The cathode was steel C45 or stainless steel 430 and arranged 
horizontally for Ni–CBN composite plating or vertically for Ni–CeO2–CuO composite plating. 
The plating technology parameters being studied were time and current density plating. 
2.2. Methods 
The shape and size of the particles were examined by TEM (device JEOL JEM–1010 at 
Laboratory Electron Microscopy, Pasteur Institute of Hygiene and Epidemiology) or by SEM 
(device JEOL JSM–6510LV at Institute for Tropical Technology, Vietnam Academy of Science 
and Technology). Particle size distribution was analyzed by LA–950V2 (equipment 950V2 
Laser Scattering Particle Distribution Analyzer of HORIBA at the Institute of Chemistry – 
Materials, Military Institute of Science and Technology). 
The thickness of Ni–composite coating can be calculated via mass difference before and 
after plating (Δm = mt – m0) of cathode electrode or calculated from Faraday's law (mF= 
k×η×i×S×t) and area (S) of the cathode with cylindrical or cube shape according to the following 
formula: 
 δ = m/S×ρNi  (1) 
where: m is the mass of coating (g); S is the area of coating (cm2); ρNi= 8.9 g/cm3 is the density 
of Ni; i is plating current density (A/dm2); t is plating time (h); S area of the cathode electrode 
(cm2) and coefficients of nickel electrochemical equivalent k = A/nF = 1.0952 (g/Ah) with 
plating efficiency η = 95 % [11, 12].    
 δ = mF/S×ρNi= (1.0952/8.9) × (it) =  0.1230562 × (it) (2) 
3. RESULTS AND DISCUSSION 
3.1. Plating composite Ni–CeO2–CuO as catalyst 
The influence of duration to the mass plating and the coating thickness were determined by 
weighting method and Faraday's law method. Inert catalyst particle contents precipitated in the 
coating layer were also presented in Table 1. Similarly effects of current density were shown in 
Table 2. 
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Table 1. Influences of time to the plating thickness of Ni–CeO2–CuO with magnetic stirring, at 
temperature of 50 °C and solution concentration CeO2: 5 g/L, CuO: 3 g/L, iC: 3 A/dm2. 
Sample number t, h Δm, g δΔm, μm mF, g δF., μm mparticles, g mP/Δm, % 
1 0.17 0.0621 6.978 0.0548 6.152 0.0073 11.76 
2 0.25 0.0853 9.584 0.0821 9.228 0.0032 37.51 
3 0.33 0.1283 12.719 0.1095 12.303 0.0188 14.65 
4 0.42 0.1786 20.067 0.1369 15.379 0.0417 23.35 
5 0.50 0.2083 23.404 0.1643 18.455 0.0440 21.12 
Table 2. Influences of current density to the plating thickness of Ni–CeO2–CuO with magnetic stirring, at 
temperature of 50 °C, time of 20 minutes, solution concentration CeO2: 5 g/L, CuO: 3 g/L. 
Sample number iC, A/dm2 Δm, g δΔm,μm mF., g δF, μm mparticles ,g mP/Δm, % 
1 2 0.0851 9.562 0.0665 8.202 0.0186 21.89 
2 3 0.1240 13.933 0.1040 12.303 0.0200 16.13 
3 4 0.1472 16.539 0.1387 16.404 0.0085 5.77 
4 5 0.1831 18.326 0.1825 20.506 0.0006 0.33 
5 6 0.2162 24.292 0.2081 24.606 0.0081 3.75 
Results from Table 1 and Table 2 showed that the thickness of the composite plated coating 
Ni–CeO2–CuO increased with plating time and cathode current density, and the mass calculated 
from the weighting method is always greater than the value calculated from Faraday's law. This 
demonstrated the presence of inert catalytic particles such as CeO2 and CuO in the composite 
coating. The results also showed increasing current density correlates with decreasing catalyst 
particles in the coating, demonstrating that high discharge speed of the nickel ions limited the 
co–deposition of the catalytic particles. Current density from 2 A/dm2 to 3 A/dm2 is ideal. With 
the optimum current density, when increasing plating time, the amount of catalytic particles in 
the coating increased and reached the maximum value after 15 minutes plating (0.25 h). SEM 
micrographs and EDX spectrum in Figure 1 also showed the presence of catalytic particles on 
the surface of the composite coating (Figure 1a) and the characteristic spectrum of Ce and Cu 
(Figure 1b). 
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